Nowadays we assist to an increased demand for fixed orthodontics therapy for children, teenagers, and young adults. Despite of the high effectiveness of the fixed orthodontic treatment [1] , it is recorded a high incidence of the dental and periodontal complications, especially in pourly treated cases [1, 2] . The additional retention areas for the bacterial plaque due to the fixed orthodontic appliances (brackets, rings, fixed bonded retainers) contribute to the onset of quantitative and qualitative changes of the bacterial flora, increasing the pathogenity and contributing to the formation of new enamel areas vulnerable to the cariogenic attacks [3] [4] [5] . One of the most frequent complication is represented by early acute dental caries (white-spot) onset adjacent to the orthodontics brackets [1] [2] [3] [4] [5] [6] [7] . Almost one third of the patients with poor oral hygiene, receiving fixed orthodontic therapy, develop at least one carious lesion due to the bacterial plaque formed around fixed orthodontic appliances [8] . In the oral cavity, the remineralization and demineralization processes are in a permanent dynamic balance. When the cariogenic factors are involved, the demineralization processes are favoured [4, [9] [10] [11] [12] . If the cariogenic factors are removed, the evolution of the demineralization can be stopped [2, 3, 5, 13] .
Some researches found a fast increase of the bacterial plaque volume following the application of the fixed orthodontic appliances. Also, in these situations, the bacterial plaque has a lower pH comparing to the patients that are not treated by fixed orthodontic therapy [14] . The change of the bacterial flora composition was observed in the dental areas adjacent to the fixed orthodontic appliances. The levels of acidogenic bacteria (Streptococcus mutans, lactobacillus) increase significantly [15] . Thus, the evolution of the cavitated carious lesions is accelerated to the patients receiving fixed orthodontic therapy.
Despite the numerous oral hygiene products recommended for the prevention-therapeutic approach of the early enamel demineralizations associated to bacterial plaque [13, [16] [17] [18] , the prevention of these carious lesions is a challenge regulated by other associated factors, as proper selection of the product and the application time of the recommended preventive method [16, 17, [19] [20] [21] [22] . Other major factors involved are as follows: cariogenic risk, dental tissues resistance to the cariogenic attack, quantity and quality of saliva, pathogenity of the bacterial flora, diet [16, 17, 19, 22] .
The aim of this study is to assess in vivo changes of the enamel associated to the retention of some orthodontic appliances and the ability of some oral hygiene products to counteract these changes.
Experimental part
The study followed all the regulations imposed by Ethics and Research Committee of Dental Medicine Faculty, Gr.T.Popa University of Medicine and Pharmacy Iaºi and in accordance to some published models [23] .
The study was performed on a group of 32 patients (aged between 18 and 28 years), receiving fixed orthodontic therapy. All patients signed an informed consent. The inclusion and exclusion criteria for the patients' selection are presented in table 1.
The research protocol is described in table 2.
Before the beginning of the study, it were performed the professional mechanic toothbrushing and the assessment of the enamel quality of the premolars, using KAVO DiagnoPen (KaVo Germania). Values under 13 confirmed the absence of hypoplasia or demineralization.
The indications for proper oral hygiene were given to all patients. The use of the oral hygiene products was recommended, accordingly to the preventive protocol. The patients were divided in two groups: control; study groups.
-Group 1 (control)-the patients received toothpaste Splat Professional Biocalcium (without fluoride), twice a day (morning, evening); -Group 2 (study group)-the patients received toothpaste and mouthwash Vitis anticariesce (with sodium monofluorophosphate 1450 ppm F, respectively 226 ppm F), twice a day (morning, evening).
For the assessment of the protective effects of the various fluoride products, we selected the toothpastes described in the table 3, with and without fluoride, and various concentrations of the active agents.
The orthodontic brackets were bonded with Transbond Plus (3M Unitek, Monrovia, CA, USA). Phosphoric acid 37% (3M ESPE, St Paul, MN, USA) was used for 15 s for enamel etching. The teeth were rinsed for 30 s and then were dried for 20 s. The adhesive system was applied accordingly to the producer recommendations. The composite resin was applied on bracket that was positioned and maintained to the enamel surface under pression. The excess was removed, and the composite resin was photopolymerized 10 s on the median area and 10 s on the distal area with photopolymerization lamp Elipar Freelight 2 (3M-Espe). The patients were asked to use the assigned oral hygiene products and to perform toothbrushing twice daily.
For the testing procedure, 64 brackets were applied on the first permanent premolars included in study, in each group (32 maxillary premolars, 32 mandibular premolars, in all groups). After 60 days, the teeth were extracted and stored in refrigerator covered in vials with 2% phormaldehyde, pH = 7,0. The teeth were prepared for microhardness testing, according to the protocol established by Uysalt T. in 2011 [24] . Immediately after extraction the teeth were washed to remove all traces of blood, soft tissue, and bacterial biofilm. The teeth were examined for fissures or other defects (early caries, hypoplasia). The teeth with visible defects were excluded from study. The teeth were stored in normal saline to room temperature untill the beginning of the study. The teeth were cut with diamond discs to low speed (Extec Corp, Enfield, CT,USA), under water cooling. The root was removed and the crown was cut mesio-distally to obtain two halves: a buccal sample and an oral sample. These two halves were cut in two horizontal planes, above the bracket and under the bracket. Thus, it were obtained two samples (cervical, occlusal). All samples were polished with abrasive discs (320, 600, and 1200 grit) and polished with a 1mm diamond spray and a cloth polishing disc (Buehler). All surfaces were examined using a microscope Table 1 PATIENTS' ASSESSMENT CRITERIA Table 2 WORKING PROTOCOL (Siemens, Germany) at 100× magnification. Any sample with surface defects was excluded. The samples were embedded in epoxydic resin in metallic cylinders, and the enamel microhardness was.
In both groups the values of the microhardness parameters were evaluated in relation to the localisation (distance of 0 µm, 100 µm and 200µm from the position of the bracket occlusally and cervically), and to the depth of enamel area (at 10, 20, 30, 40, 50, and 60µm from enamel surface, on occlusal and cervical horizontal sections).
The enamel microhardness was measured with digital device CV 400 DAT (Namicon). The indentations were performed with a 50 g contact force. For each sample, 5 indentations were performed, and Vicker hardness number (VHN) was recorded for each of them. For each sample the microhardness value was recorded as mean of 5 measurements. The acceptance criteria of an indentation were as follows: sharp on diagonally edges, regulated diagonally aspect, the absence of irregularities in the tested area.
SPSS software, version 11.5 was used to analyse the data. The mean, standard deviation, maximum, and minimum measures in the two groups. We examined the findings of this study by, ANOVA, Tukey's tests and paired t-test where α < 0.05 was considered significant. Shapiro-Wilks normality test and the Levene variance homogeneity test were applied to the microhardness data. The data showed normal distribution, and there was homogeneity of variances between the groups.
Results and discussions
In both groups the values of the microhardness parameters varied in relation to the localisation and to the depth of enamel area.
The results in relation to localisation are presented in table 4. Significant statistical values were recorded to samples in group 1 localised as follows: buccal surface, occlusal area, closed to bracket (0 µm), cervical area with the same distance (0 µm). For the other locations the recorded values were not significantly statistical.
The mean values varied in the occlusal position (0 µm) from 269.56 in Group 1 to 319.89 in Group 2. In the cervical position (0µm) the mean values varied from 274.12 in Group 1 to 319.71 for Group 2. The most important demineralization areas are localized in the immediate surrounding of the brackets for the control group. No decrease of the microhardness for the samples on the study group submitted to the action of fluoridated products was recorded.
The comparative analysis of the microhardness values in relation to the depth of enamel area is presented in table 5. Significant statistical values were recorded only for Group 1 (control), in the surface layers (10 and 20 µm). The microhardness values are not significantly statistical for the samples from Group 2, submitted to the remineralization therapy with fluoridated products, and for the samples from Group 1, with depths over 30µm.
The mean values for depth 10 µm in enamel, varied as follows: 269. 19 for Group 1 (control) and 304.221 for Group 2 (study group). The mean values for depth 20 µm in enamel, varied as follows: 277.621 for Group 1 (control) and 308.431 for Group 2 (study group).
These results show the protective effect of the fluoridated products for the samples from Group 2 (study group), preventing the demineralization and the decrease of the enamel surface microhardness.
The comparative analysis of the microhardness values in relation to the localization and demineralization depth in enamel found significant statistical values for depths 10 µm and 20 µm, only for occlusal and cervical localization adjacent to brackets (0 µm) (table 6) .
The minimal values for occlusal depth 10 µm, varied between 186. 16 for Group 1 (control) and 276.34 for Group 2 (study group). The minimal values for cervical varied between 149.98 for Group 1 (control) and 277.99 for Group 2 (study group). The minimal values for depth 20µm varied as follows: for occlusal, 219.78 for Group 1 (control), and 309.21 for Group 2 (study group); for cervical, 178.18 for Group 1 (control), and 289.31 for Group 2 (study group) (table 6).
The maximal values for occlusal depth 10µm, varied between 224.98 for Group 1 (control) and 312.94 for Group 2 (study group). The maximal values for cervical varied between 193.56 for Group 1 (control) and 316.89 for Group 2 (study group). The maximal values for depth 20µm varied as follows: for occlusal, 261.98 for Group 1 (control), and 343.09 for Group 2 (study group); for cervical, 234.12 for Group 1 (control), and 321.79 for Group 2 (study group) (table 6) .
The most frequent complication associated to the fixed orthodontic therapy is early dental caries (white-spot) produced by enamel demineralization initiated by the retention of the bacterial plaque around the fixed orthodontic appliances (brackets, rings, fixed bonded retainers) as well as poor oral hygiene [1, 10, 14, 25] . The brackets and orthodontic molar rings create retentive spaces for bacterial plaque due to the limited access for oral hygiene [1, 25, 26] .
These additional retention elements are associated with vulnerable dental areas to the cariogenic attacks and determine quantitative and qualitative changes of the microbial flora. It was recorded the increase of the pathogenicity of the cariogenic bacteria, especially for Streptoccocus mutans [3-5, 8, 10, 12] . The early dental caries are opaque white-spot areas, having an increased roughness at the palpation with probe. They are localised on the cervical areas or around the brackets or other retention orthodontic elements or on buccal surfaces that are usually considered resistent areas to cariogenic attack [3-5, 22, 27] . Despite the onset of early dental caries is observed even at only 4 weeks after the application of the fixed orthodontic appliances [6, 25, 26] , our clinical study was performed during 60 days to exclude errors related to time.
Richter et al. Detected white-spot to almost 75% of the patients submitted to fixed orthodontic therapy [8, 26] . The prevention of the white-spot onset must include the increase of the patients' awareness regarding the importance of the oral hygiene [3-7, 28, 29] . Both patients and orthodontist can collaborate to minimize the risk for the onset of the enamel white-spots [20, 21, 29, 30] .
Most studies, regarding the changes of the hard dental tissues associated to fixed orthodontic therapy, were performed in vitro, on bovine or human extracted teeth using SEM, surface profilometry, laserfluorescence) [5, 13, 20, 21, 27, 29] .
To avoid the errors associated to in vitro model, we tested Vickers microhardness on teeth extracted for orthodontic reasons. The in vivo study allowed the assessment of the changes of the vital teeth, and requested a good cooperation with patients. Because the protected enamel surface allowed the accumulation of thick plaque, no other site was at risk of caries with this procedure. The oral hygiene characteristics are not always homogeneously distributed over the within-patient experimental units, and this heterogeneity can reduce the efficiency of split-mouth designs.
In our study, it were recorded lower micorhardness values in the occlusal areas of the buccal surfaces, comparing to the cervical areas; similar results are reported by Uysal T. in 2011 [24] , and Pascotto R.C. et all, in 2014 [31] . For in vivo conditions, the explanation is related to higher accumulation of the bacterial plaque and to the limited access of the oral hygiene tools in this area.
In our study, the demineralization depth was limited to 20 µm, while other similar studies reported that demineralization depth reached 30µm, [31] [32] [33] , or even 75 µm [34] . The lower demineralization depth in our in vivo study can be explained by the partial removal of the bacterial plaque by toothbrushing, The differences between the microhardness values recorded in control and study groups demonstrate the contribution of fluoride (fluoridated toothpaste, fluoridated mouthwash) as well as the effectiveness of fluoride remineralization capacity to the subjects from the study group.
Regarding the correlation between the demineralization degree and the distance to brackets, it was recorded a significant decrease of the microhardness in point 0, both cervical, and occlusal, result similar to those found by Uysal T., in 2011 [24] , but different by the results presented by other researchers [31, 33, 34] .
In our study, it was selected a remineralization product with 1450 ppm F, a concentration that was proved to be effective in other studies [33] [34] [35] [36] [37] . Faller R.V. [16] demonstrated the role of the fluoride concentration and the active compounds of the toothpaste. This study found that, despite the inclusion of stannous fluoride in various oral hygiene products, the capacity of these products to release stannous fluoride and to protect the enamel surface is very different and strongly related to the product formula. The study concluded that the effectiveness of each oral hygiene product to protect against demineralization must be reviewed [16] .
An in vitro study performed by Hirata E. in 2013 [18] , demonstrated positive results related to the use of a toothpaste with low concentration of fluoride (450 mgF/g, natrium fluoride) in combination with calcium citrate (Cacit) and sodium trimethaphosphate (TMP), due to the association between the active agents of the toothpaste.
In our study, we demonstrated that the tendency of the bacterial plaque to accumulate around the fixed orthodontic appliances is closely related to ultrastructural changes associated to lower enamel microhardness. A toothpaste with fluoride associated to a mouthwash allowed better protection against this effect.
Despite the recent advances, the prevention of the enamel demineralization during the fixed orthodontic therapy is one of the biggest challenges, both for the general dentists and orthodontists. Each patient needs an oral hygiene protocol that must be followed both at home and in dental office. This protocol must be individualized aiming to hinder the onset of early dental caries during the fixed orthodontic therapy. The protocol also must be effective in the remineralization of white-spot and to prevent the evolution to cavitary dental caries.
Conclusions
The conclusions of this study confirm the effectiveness of a proper prophylactic protocol (toothbrushing with fluoridated toothpaste, mouth rinsing with fluoridated mouthwashes) associated to the fixed orthodontics therapy, in the prevention of the early enamel demineralization onset adjacent to brackets. The analysis of the results found lower microhardness for the samples submitted to brushing with fluoridated toothpaste and rinsing with fluoridated mouthwash solution, comparing to control (samples submitted only to brushing with nonfluoridated toothpaste).
